Non-alcoholic fatty liver disease (NAFLD) is closely associated with metabolic syndrome. Prevalence of metabolic risk factors including diabetes mellitus, obesity, etc. is rapidly increasing in India putting this population at risk for NAFLD. Patients with NAFLD are at increased risk for liver-related morbidity and mortality and also cardiovascular disease risk and increased incidence of diabetes mellitus on long-term follow-up. Management of patients with NAFLD may require a multi-disciplinary approach involving not only the hepatologists but also the internists, cardiologists, and endocrinologists. This position paper which is a combined effort of the Indian National Association for Study of the Liver (INASL), Endocrine Society of India (ESI), Indian College of Cardiology (ICC) and the Indian Society of Gastroenterology (ISG) defines the spectrum of NAFLD and the association of NAFLD with insulin resistance and metabolic syndrome besides suggesting preferred approaches for the diagnosis and management of patients with NAFLD in the Indian context. ( J CLIN EXP HEPATOL 2015;5:51-68) N on-alcoholic fatty liver disease (NAFLD) is now considered a hepatic component of metabolic syndrome (MS) because of the close association between the two conditions. Prevalence of metabolic risk factors including diabetes mellitus, obesity, etc. is rapidly increasing which is consequently increasing the prevalence of NAFLD in India. Patients with NAFLD are at risk not only for the liver-related morbidity and mortality but
also for the increased cardiovascular disease risk and increased incidence of diabetes mellitus on long-term follow-up. This asks for a call to involve not only the hepatologists but also the internists, cardiologists, and endocrinologists for the management of patients with NAFLD. This position paper which is a combined effort of the Indian National Association for the Study of Liver (INASL), Endocrine Society of India (ESI), Indian College of Cardiology (ICC) and Indian Society of Gastroenterology provides definitions of NAFLD, spectrum of NAFLD, pathogenesis of NAFLD, mainly discussing the association of NAFLD, insulin resistance (IR), and MS. Finally, this paper gives algorithms for the diagnosis and management of patients with NAFLD in the Indian context.
NEED FOR THE POSITION PAPER ON NON-ALCOHOLIC FATTY LIVER DISEASE AND METABOLIC SYNDROME FROM INDIA

Increasing Obesity, Hypertension, and Diabetes Mellitus
Over the years, increasing obesity, hypertension, and diabetes mellitus has also led to higher incidence and prevalence of NAFLD in India. In India, the recent ICMR-India Diabetes (ICMR-INDIAB) study reported the prevalence of DM (both known and newly diagnosed) in four regions of the country: 10.4% in Tamil Nadu, 8.4% in Maharashtra, 5.3% in Jharkhand, and 13.6% in Chandigarh (Union Territory). 1 The overall number of people with DM in India in 2011 based on this study was estimated to be 62.4 million, and this was confirmed by the Diabetes Atlas (5th edition) of the IDF, which gave a figure of 61.3 million people with DM in India in the age group of 20-79 years. 1, 2 Studies in India have shown an increasing trend in the prevalence of hypertension among urban adults: In Jaipur (1995), men 30% and women 33%; in Mumbai (1999), men 44% and women 45%; in Thiruvananthapuram (2000) , men 31% and women 36%; in Jaipur (2002), men 36% and women 37%; in Chennai (2001), women 14%, were found to have hypertension. 3 Among the rural populations, in Rajasthan (1994) , HTN prevalence in men was 24% and that in women was 17%. 4 The Chennai Urban Rural Epidemiology Study (CURES) reported a prevalence of 23.2% HTN among men and 17.1% among women in South India. Hypertension is responsible for 57% of all stroke mortality and 24% of all coronary artery disease (CAD) mortality in India. 4 The prevalence of obesity differs mostly by location, gender, and socio-economicstratum. 5 Higher prevalence is seen in urban areas, more so in the higher socio-economic stratum, and in women. 5 Even though higher prevalence and rapidly increasing rate of obesity are seen in urban areas, rural-based Asian-Indians are also showing a growing trend of obesity. 5 Increasing trend of overweight and obesity has been observed in children as well.
Insulin Resistance and Other Risk Factors in Indians
Studies have shown higher IR and higher hepatic triglycerides (HTGs) in Indians in comparison to other races suggesting that Indians are much prone to developing NAFLD. Insulin resistance is independently correlated with NAFLD regardless of adiposity. The prevalence of IR in Asian-Indians residing in India ranges from $7% to 55%. [6] [7] [8] [9] Since IR and the MS are widely prevalent in Asian-Indians, it is reasonable to presume that NAFLD would also be prevalent; however, data are scarce. Some recent data indicate that hepatic fat content of Asian-Indians is almost twice in amount for similar body mass index (BMI) when compared to white Caucasians. 10 Insulin resistance has also been reported in children and adolescents. Such high prevalence of IR and the MS in Asian-Indians is likely to be due to multiple factors. It is important to note that all the associations of NAFLD, excess body fat, abdominal obesity (truncal subcutaneous fat and intra-abdominal fat), diabetes, hypertriglyceridemia, and IR are highly prevalent in urban Asian-Indians and may be important for pathogenesis of NAFLD. However, inter-relationships of NAFLD, IR, and the MS have been sparsely studied in Asian-Indians. 11 By using proton magnetic resonance spectroscopy (MRS), Petersen et al measured hepatic triglyceride (HTG) content and plasma interleukin-6 (IL-6) concentrations in different ethnic groups. 12 Interestingly, these authors reported that the HTG content and plasma IL-6 concentrations were nearly two-fold higher in Asian-Indians as compared to white Caucasians in USA. 12 The increase in HTG content and IL-6 concentrations was associated with higher prevalence of IR in Asian-Indians (59%) as compared to white Caucasians (20%). Petersen et al also looked at the prevalence of various metabolic risk factors amongst different races and found that in spite of having lower BMI, Asian-Indians had the highest levels of fasting serum insulin and IR as measured by the homeostasis model assessment for insulin resistance (HOMA-IR) in comparison to other Eastern-Asians, Caucasians, Blacks, and Hispanics. Asian-Indians also had higher HTG content in comparison to Caucasians. 12 This inter-ethnic difference in the prevalence of NAFLD and non-alcoholic steatohepatitis (NASH) is believed to be related not only to different lifestyles but also to a strong genetic predisposition. Of the various genes studied, polymorphisms of apolipoprotein C3 (APOC3) gene may be a phenomenon peculiar to Asian-Indians as demonstrated in a study. 13 Since the results of APOC3 gene polymorphisms have not been replicated in other races with higher adiposity, it is possible that in pre-existing IR states such as obesity and MS, the effect of the APOC3 polymorphism may become redundant. Asian-Indians are less obese than their Western counterparts and this could be allowing a higher phenotypic expression of the APOC3 genetic polymorphism but this hypothesis requires further investigation. 14 The recent concept of the association of gut microbiome with obesity and NAFLD may suggest a different bacterial flora in Indian patients, thus making them more prone to the development of NAFLD.
Even though majority of patients with NAFLD in India have overweight or obesity according to Asia-Pacific criteria, mean BMI in Indian patients with NAFLD is much lower than that in the West. 15 Indian patients with NAFLD are further different from patients in the West because of lower prevalence of diabetes, hypertension, and full-blown MS in non-cirrhotic Indian patients with NAFLD presenting as raised transaminases. [15] [16] [17] In contrast to West, data from India have also suggested that iron overload and HFE gene mutations do not play a major role in the pathogenesis of NAFLD. Even though NAFLD has emerged as an important cause of cryptogenic cirrhosis and hepatocellular carcinoma (HCC) in India, histological severity in Indians with NAFLD presenting to the Hepatologists with raised transaminases is milder in comparison to data from the West. 16, 17 Since Indian patients with NAFLD may have different pathogenesis and a different clinicopathological profile in comparison to the West, the available guidelines from the West for patients with NAFLD may not be applicable to patients with NAFLD in India. 15, 18 Hence, there is an urgent need to have separate guidelines and a combined position paper from different specialties involved in the care of patients with NAFLD.
Non-alcoholic Fatty Liver Disease in India visa-vis Asian Data
The data on the prevalence of fatty liver in Asian population are limited. Chitturi et al highlighted the potential burden of NAFLD in the Asian-Pacific area, with esti-mated 1.8 million Asians with NASH and at least 400,000 Australians with the disease, thus eclipsing the disease burden of hepatitis B and C. 19 In China, the prevalence of NAFLD measured by ultrasonography was 14.7%. 20, 21 In Japan, the prevalence of NAFLD was reported to be 3.3% and 3.8% in non-obese and21.6% and 18.8% in obese males and females, respectively. 22 In a hospital-based study in Taiwan, the prevalence of NAFLD was 36.9%, being higher in men than in women. 23 Among 13, 768 Korean adults, 25% were diagnosed with NAFLD on abdominal ultrasound. 24 Overall, studies from India do suggest a high prevalence of NAFLD in general population and in high risk groups. In the general population, prevalence of NAFLD varies from 9% to 35% in India ( Table 1 ). The lower prevalence is from a community-based epidemiological study from the rural part of West Bengal, whereas prevalence of NAFLD is much higher in other studies from India carried out in urban populations. 28 In Mumbai, the prevalence is reported to be 16.6%, 26 while it is reported as 32% in Chennai. 27 In a hospital-based study from Cuttack, the prevalence was similarly high at 24.5%. 25 The prevalence of NAFLD is even higher in high-risk groups such as diabetics and the obese. In one of the studies 35 out of 40 (88%) nonalcoholic patients with type 2 diabetes mellitus had evidence of fatty liver on ultrasound. 29 In another study from Mumbai, 49 out of 100 patients with type 2 diabetes mellitus had evidence of fatty liver on ultrasound. 30 Thirty-two of these patients underwent liver biopsy. Mild, moderate, and severe disease was present in 21/32 (65.5%), 4/32 (12.5%), and 3/32 (9.35%) patients, respectively, and fibrosis was present in 7/32 (21.8%) patients with one having grade 4 and three having grade 3 fibrosis. 30 The prevalence data from India are given in Table 1 . Extrapolation of Indian data suggests that India may have at least 25 million patients with NAFLD who may be at risk for significant liver disease (considering 5% of 1000 million Indians to be diabetic and prevalence of NAFLD to be in at least 50% of these diabetics). 31 
DEFINITIONS AND SPECTRUM
Definition of Non-Alcoholic Fatty Liver Disease
Non-alcoholic fatty liver disease has been defined as the accumulation of fat in the liver in the absence of recent or ongoing intake of significant amount of alcohol. The significant amount of alcohol has been defined variably but a cut-off of intake up to 20 g/day seems reasonable both for males and females (approximately 30 ml of whisky = 100 ml of wine = 240 ml of beer = 10 g of alcohol). In addition, the definition of primary NAFLD also includes the exclusion of other secondary causes of hepatic steatosis including but not limited to various medications and hepatitis C virus, surgical procedures, total parenteral nutrition, and various inborn errors of metabolism. The fat deposition in the liver is best defined histologically on liver biopsy as the macrovesicular steatosis occupying at least 5% of the hepatocytes. In spite of the limitations (most of the imaging modalities including ultrasound, computed tomography (CT), and magnetic resonance imaging are best at picking up hepatic steatosis when it is occupying more than 30% of hepatocytes) for practical purposes, hepatic steatosis is usually defined on imaging with MRS being the best modality. Since MRS is not readily available, for practical purposes, most commonly used imaging modality to define NAFLD is ultrasound abdomen. The differentiation of simple steatosis from NASH is possible only on histology with a limited role of imaging in differentiating the two.
Spectrum of Non-Alcoholic Fatty Liver Disease Non-cirrhotic Non-alcoholic Fatty Liver Disease
Non-alcoholic fatty liver disease is a broad term consisting of patients with simple steatosis, NASH, NASH-related cirrhosis, and NASH-related HCC. Patients with simple steatosis also called as having non-alcoholic fatty liver have the presence of fat in the liver with or without the presence of lobular inflammation on histology, whereas NASH is defined as steatosis and inflammation associated with the presence of one of the three additional features: ballooning of hepatocytes, Mallory hyaline, and fibrosis on liver histology. Since these three features are difficult to diagnose non-invasively, NASH is usually a histological diagnosis except in situations where hepatic fibrosis is diagnosed with the help of transient elastography (TE) (Fibroscan) and hence can be a useful non-invasive modality in differentiating patients with simple steatosis and NASH. 32 The differentiation between NAFLD and NASH is very important in determining the prognosis, risk of progression, and for assessing the liver-related and cardiovascular morbidity and mortality, occurring more commonly in patients with NASH than in those with NAFLD. 33 Since liver biopsy cannot be done in all patients, it can be directed at those likely to have severe disease i.e., NASH.
Various parameters such as gender, age, aspartate aminotransferase/alanine aminotransferase (AST/ALT) ratio, the presence of diabetes mellitus, and other components of MS can help in predicting severe disease i.e., NASH, hence helping in directing the liver biopsies in these patients ( Figure 1 ). Liver biopsy is helpful not only in differentiating NASH and no NASH but also in further categorizing the patients with NASH into different grades and stages based on different classification systems (Appendix 1). 33, 34 Non-alcoholic Steatohepatitis-Related Cirrhosis and Hepatocellular Carcinoma
Non-alcoholic fatty liver disease/non-alcoholic steatohepatitis (NAFLD/NASH) has also emerged as the most common cause of Cryptogenic cirrhosis (CC) as shown by many studies from the West. 35 Like any chronic liver disease, NAFLD/NASH may be asymptomatic in the beginning and may present later as CC or even HCC. It may be difficult in these patients to recognize NAFLD/NASH even on histology because liver fat decreases with increasing fibrosis and the characteristic changes of NAFLD/NASH may not be evident once it goes into the stage of cirrhosis. Data from the West indicate that 50-75% of patients with CC have obesity and diabetes, 36 and 33% of patients transplanted for CC show evidence of NAFLD on histology of their explanted livers. In a study from Mumbai, NASH with/without cirrhosis, and CC occurred more commonly in patients with diabetes than those without it. The incidence of diabetes in CC was 57% versus 30% in non-cryptogenic cirrhosis, 37 suggesting the role of diabetes mellitus and NAFLD in causing cirrhosis. In a recent study from Chandigarh, results of surrogate markers of NAFLD in 65 patients with CC were compared with 50 patients with virus-related cirrhosis of comparable age, gender, and severity of liver disease. 38 All possible etiologies for cirrhosis including viral, autoimmune, Wilson's disease, and iron overload were excluded. Screening for occult HBV infection [by total antibodies against core antigen (anti-HBc total)] and celiac disease (by anti-tissue transglutaminase antibodies, antiendomysial antibodies, and duodenal biopsies) was also done in 16 38 The most convincing data on high prevalence of NAFLD in CC come from a recent study from a large volume liver transplant center in Delhi. Clinicopathological features of NAFLD were explored by the clinical data and by examining the explant livers in living donor liver transplant recipients. Among 103 adult liver transplant recipients with different types of chronic liver disease, 30 had a pre-liver transplant diagnosis of CC. Of the 30 CC cases, 19 (63.3%) were finally labeled as NAFLD-related cirrhosis and showed histological features in several respects different from those reported for the early and established phases of NAFLD. 39 Regarding NAFLD as the cause of HCC, in a study from the US, CC accounted for 29% of all HCC, and was the second-most important cause after HCV infection. 40 Half of these patients had clinical or histological features of NAFLD. 40 Non-alcoholic fatty liver disease accounts for 40% of cases of HCC in UK and is the most common etiology. 41 A study from Italy showed that patients with cryptogenic HCC had higher prevalence of obesity and diabetes mellitus and higher triglyceride and cholesterol levels suggesting NAFLD as the underlying etiology. 42 Further the occurrence of HCC in non-cirrhotic livers in NASH is a cause of recent concern, and requires more evaluation. 42 On the Eastern side, a study from Japan found that 17 out of 320 (5.3%) HCC cases were either associated with NASH or had a cryptogenic etiology. 43 Cryptogenic HCC accounted for 5.4% of all HCC in Korea, and this group had higher BMI, triglyceride levels, diabetes mellitus, and hypertension compared to HCC with well-defined etiologies. 44 In another study from Korea, 20 out of 36 (56%) patients with CHCC had at least two risk factors for NAFLD. 45 38 Higher prevalence of metabolic risk factors if taken as surrogate markers of NAFLD suggests that NAFLD is an important cause of both CC and CHCC in India as well.
Non-hepatic Outcomes in Non-alcoholic Fatty Liver Disease
Two non-hepatic outcomes included in the spectrum of NAFLD include the higher risk of cardiovascular morbidity and mortality in these patients (especially in those with NASH) and higher risk of developing diabetes mellitus in patients with NAFLD. Recently, a lot of data have emerged to suggest the increased atherosclerosis and cardiovascular risk in patients with NAFLD, but it is still a matter of debate whether NAFLD per se predisposes to these abnormalities or the increased atherosclerosis and cardiovascular risk in patients with NAFLD is dependent on the presence of metabolic abnormalities or MS. The presence of subclinical atherosclerosis can be assessed non-invasively by an increase in carotid intima media thickness (CIMT) (structural atherosclerosis) or by endothelial dysfunction studied by flow-mediated vasodilatation (FMD). Increased risk of cardiovascular disease in a population can be estimated by various scoring systems such as the Prospective Cardiovascular Munster study (PROCAM), Adult Treatment Panel III (ATPIII), or Framingham score. In a study, even though Targher et al found that patients with NAFLD had greater CIMT (1.14 AE 0.20 vs 0.82 AE 0.12 mm; P < 0.001) than controls, MS and its individual components were more frequent in those with NAFLD. 46 The marked difference in CIMT between the groups also slightly weakened after adjustment for MS components. In a cross-sectional study, McKimmie et al evaluated the association between hepatic steatosis and coronary aortic and carotid artery calcium and CIMT in 623 participants from diabetes heart study. They found a significant association between steatosis and aortic calcium and CIMT which completely disappeared after adjusting for other cardiovascular disease risk factors including visceral obesity. 47 On the other hand, Volzke and colleagues found that individuals with fatty liver had higher CIMT and more often had carotid plaques than persons without fatty liver (plaque prevalence rate 76.8% vs 66.6%; P < 0.001). This association persisted even after adjustment for confounding factors. 48 Similarly, in the study done by Brea et al, CIMT was found to be higher in NAFLD patients than in age-and sex-matched controls (P < 0.01). Further by logistic regression and adjustment for various confounders, the presence of NAFLD was associated with a higher CIMT independently of MS and all its traits. 49 A study from a tertiary care center in India has shown that the increased atherosclerosis and cardiovascular risk in patients with NAFLD is dependent on MS. 50 Development of diabetes on long-term follow-up in patients with NAFLD has been shown from both Western and Asian countries. In a study from USA, 22% of non diabetic NAFLD developed diabetes over a 7.6-year followup. 51 A study from Japan showed that non-diabetic NAFLD patients had a hazard ratio of 4.8 for developing DM even after adjusting for age and BMI compared to controls (8.1% NAFLD patients developed diabetes over 4-year follow-up compared to 1.8% in controls, P < 0.001). 52 These non-hepatic outcomes of NAFLD make NAFLD important not only for the hepatologists but also for the cardiologists and endocrinologists.
PATHOGENESIS OF NON-ALCOHOLIC FATTY LIVER DISEASE
The basic defect in the development of hepatic steatosis is the imbalance between import and export of fat to and from the liver. Sources of excess import include excess of dietary intake of fat if compensatory decrease in lipolysis and de-novo synthesis does not take place. Similarly, an excess de-novo fat synthesis in the liver or lipolysis in the peripheral tissues with increased delivery of free fatty acids (FFA) to liver causes steatosis. Reduced b-oxidation of fatty acids and decreased export as very low density lipoprotein (VLDL) also contribute to hepatic steatosis. Insulin resistance with or without full-blown MS is the central mechanism of hepatic steatosis in patients with NAFLD, which in turn develops in the setting of an inappropriate diet, sedentary lifestyle, obesity, and advancing age. Role of genetic variations in predisposing to the development of steatosis by affecting the various steps in the normal metabolism of fat and carbohydrates is also under investigation.
Metabolic Syndrome
Metabolic syndrome is a clinical syndrome characterized by the constellation of various components namely, obesity, type 2 diabetes, dyslipidemia, and hypertension. Isolated obesity and diabetes are rare in the general population. In most cases, they are associated, and hypertension and dyslipidemia may also be present. In 1988, Reaven 53 proposed the term 'syndrome X' to define the contemporary presence of altered glucose regulation, hypertriglyceridemia, low HDL-cholesterol and hypertension, and a syndrome carrying a high risk of cardiovascular mortality. The MS is probably much wider and most subjects have evidence of additional metabolic disorders (elevated uric acid, impaired fibrinolysis, and endothelial dysfunction). Obesity, namely central obesity, type 2 diabetes, hyperlipidemia, and hypertension are all characterized by elevated insulin concentrations, which predict the development of the metabolic disorder. Accordingly, DeFronzo and Ferrannini 54 proposed the term 'insulin-resistance syndrome' to define this clustering of diseases. The borders of the syndrome remain difficult to define. The presenting features vary, and new metabolic disorders get added in random order. In general, obesity comes first, followed by hyperlipidemia and diabetes, whereas hypertension is not predictable. The first attempt to define MS came from World Health Organization (WHO) (Appendix 2), experts setting new criteria for the definition of diabetes. 55 Their criteria, partly based on the assessment of insulin sensitivity, are scarcely applicable to the general population. New criteria were defined by the European Group for Insulin Resistance in 1999, limiting the syndrome to non-diabetic subjects, but the critical problem of IR was not addressed. 56 According to ATP III criteria, MS is defined by the presence of at least three out of five components namely, central obesity, diabetes mellitus, hypertension, low HDL, and high triglycerides (Appendix 2). 57 The limits for individual components are usually derived from the guidelines of the International Societies or the statements of World Health Organization. A fasting plasma glucose (FPG) of >126 mg/dl on more than one occasion, a random plasma glucose of >200 mg/dl in a symptomatic patient, or a 2 h plasma glucose [post-prandial glucose (PPG)] of >200 mg/dl on glucose tolerance test (GTT) is defined as diabetes mellitus. Fasting plasma glucose of >110 mg/dl and <126 mg/dl is defined as impaired fasting glucose (IFG) and 2 h plasma glucose after ingestion of 75 g oral glucose between 140 mg/dl and 200 mg/dl as impaired glucose tolerance (IGT). In the lipid profile, HDL <40 mg/dl in males and <50 mg/dl in females and serum triglycerides (TG) >150 mg/dl are taken as abnormal. 58 
Asia-Pacific/Indian Modifications for Metabolic Syndrome
Even at lower BMI, Asians have been found to have a high percentage of body fat compared to white Caucasians and Blacks. At a given percentage of body fat, BMI values of Asians including Asian-Indians were 3 kg/m 2 lower than those in white Caucasians. This is partly explained by the body build (trunk to leg-length ratio), low muscularity, adaptation to chronic calorie deprivation, and ethnicity. More importantly, the morbidity and mortality associated with higher body fat occur more frequently at lower BMI in Asians than in white Caucasians. A study from Delhi showed that about 66% of men and 88% of women classified as non-obese based on the international cut-off of BMI had one or more cardiovascular risk factors. 59 Based on these data, it has been suggested that the BMI limits for overweight and obesity should be lower for Asians-Indians. Recommendations for BMI are as follows: Normal 18-22.9 kg/m 2 , overweight 23-24.9 kg/m 2 , and obesity $25 kg/m 2 . A high prevalence of abdominal obesity is seen in Asians, including Asian-Indians even when the BMI is <25 kg/m 2 . Similarly, Asians have been found to have more intra-abdominal adipose tissue than Caucasians, in spite of having smaller waists. Lower cut-offs (waist circumference $90 cm in males and $80 cm in females) are also recommended for identifying abdominal obesity in Asians. Hence, while defining MS in Asian-Indians, it is recommended to use the Asia-Pacific/Indian cut-offs for abdominal obesity. 60 
Association Between Non-alcoholic Fatty Liver Disease and Metabolic Syndrome
The MS and NAFLD share similar associations such as diabetes, hypertriglyceridemia, and obesity. Since metabolic risk factors are so common in patients with NAFLD, there is evidence now to show that NAFLD may actually be a hepatic manifestation of MS. Nearly 90.0% and 33.0% NAFLD subjects have at least one feature and all features of the MS, respectively, with the presence of MS, increasing the risk of NAFLD increases to 4-11 times, 61 making NAFLD less likely to remit as well. Majority of the patients with NAFLD are obese and resultantly get nearly five-fold higher risk of developing steatosis. 62 The risk of NAFLD is also high for those with impaired fasting glucose, albeit lower than that with type 2 diabetes mellitus (T2DM). [61] [62] [63] Typically, NAFLD has been observed to be consistently associated with type 2 diabetes mellitus (28-55%) and dyslipidemia (27-92%) . Non-alcoholic fatty liver disease, in the presence of normoglycemia and normal or moderately higher body weight, is characterized by clinical and laboratory data (e.g., impaired insulin sensitivity, abnormalities in lipid metabolism) that do not differ from those with diabetes and obesity. Two other metabolic factors, hypertriglyceridemia and low HDL-cholesterol level, are present in 62% and 54%of NAFLD patients, respectively. 64 The prevalence of fatty liver increases by at least two-fold in those who are non-obese, non-diabetic but have a primary hypertension. 65 
Insulin Resistance
Normally, insulin acts on skeletal muscle, adipocytes, and the liver for maintaining glucose and lipid homeostasis. Insulin maintains this homeostasis by various actions ranging from increased uptake of FFA, conversion to triglycerides and storage along with decreased lipolysis in adipose tissue, uptake of glucose by skeletal muscles, storage of glucose as glycogen in liver with inhibition of glycogenolysis and gluconeogenesis to increased de-novo lipogenesis and reduced oxidation of fatty acids in the liver. The net result of all these actions is to utilize glucose, reduce lipolysis of FFA, and promote storage of fats as triglycerides in the adipose tissue. Insulin resistance is characterized by inappropriately high levels of plasma insulin for the corresponding blood sugar level, due to inability of cells to respond to insulin leading on to high plasma glucose levels, increased lipolysis, and increased delivery of fatty acids to liver; it is characterized by high levels of plasma insulin initially, as a pancreatic compensatory response, to be eventually followed by dwindling levels of insulin, with development of type 2 diabetes.
Non-alcoholic fatty liver disease patients with or without MS have been shown to have higher IR compared to controls. Though glucose clamp studies are the ideal method of studying IR, most studies in patients with NAFLD have used HOMA-IR (Appendix 3), even though simpler methods such as insulin tolerance test (ITT) have been shown to be comparable to HOMA-IR in the Indian context. 66 Studies have demonstrated that NAFLD is associated with higher IR compared to controls, even after excluding overweight and obese subjects and that IR increases with increasing degree of steatosis. A comparison between patients of different ethnicities has shown that Indians have higher IR in comparison to Caucasians and other races. 11 Data from India support the higher prevalence of IR in patients with NAFLD present in 83-98% of patients. 16, 17, 67, 68 A study from Kolkata has also shown higher HOMA-IR levels in non-obese patients with NAFLD (though they used the International criteria of obesity) in comparison to non-obese controls without NAFLD. 28 Insulin resistance in NAFLD is predominantly peripheral occurring at the skeletal muscle and adipose tissue. Peripheral IR in the skeletal muscle causes reduced glucose uptake leading to hyperglycemia. In the adipose tissue, IR impairs the anti-lipolytic action of insulin leading to increased release of FFA. Elevated plasma concentrations of insulin, glucose, and fatty acids then promote hepatic fatty acid and triglyceride uptake, de-novo lipid synthesis (via the SREBP) (sterol-regulatory element-binding protein) and C/EBP (CCAAT/enhancer-binding protein) and impair b-oxidation of fatty acids by negative feedback. Insulin resistance also increases intra-hepatocytic fatty acids by increasing glycolysis and decreasing apolipoprotein B-100 thereby blocking the export of VLDL. The development of IR in NAFLD is probably related to the imbalance between pro-insulin (adiponectin) and anti-insulin (TNFa) cytokines particularly those secreted from adipose tissue (adipokines). Alterations in several molecules, including FFA, TNF-a, membrane glycoprotein PC-1, and leptin interfere with the insulin signaling pathway. Free fatty acids are both the result and cause of IR. Excess FFA cause hepatic IR by down regulating insulin receptor substrate-1 (IRS-1) signaling and by activation of the inhibitor kappab kinase (IKK-b)/nuclear factor kappa b (NF-kb) pathway.
Other Pathogenic Mechanisms in Non-alcoholic Fatty Liver Disease
Other than the IR and MS, the mechanisms involved in the pathogenesis of NAFLD/NASH include the role of lipotoxicity, oxidative stress and cytokines, serum and liver iron overload, innate and adaptive immunity, small intestinal bacterial overgrowth, and finally the polymorphisms of the genes involved in lipid accumulation, oxidative stress, and hepatic fibrosis.
DIAGNOSIS OF NON-ALCOHOLIC FATTY LIVER DISEASE
Diagnosis of Non-Alcoholic Fatty Liver Disease and Non-Alcoholic Steatohepatitis
Diagnosis of NAFLD requires a detailed history to exclude the intake of significant amount of alcohol and other secondary causes of fatty liver as mentioned in the section on "Definitions and Spectrum" (Figure 1 ). Most patients with non-cirrhotic NAFLD are asymptomatic in the beginning with incidental detection of raised liver enzymes or fatty liver on ultrasound. Some patients are detected to have fatty liver on ultrasound and raised enzymes during work-up for dyspeptic symptoms, malaise or fatigability, or work-up for other illness. Anthropometry may reveal overweight, obesity, or central obesity; mild hepatomegaly may be an important sign in around half of these patients but signs of liver failure are absent unless the patient has progressed to cirrhosis or HCC. Serum biochemistry shows either normal or mildly elevated AST and ALT with ALT more than AST.
Diagnostic modalities are thus directed first to confirm the presence of fatty liver and secondly to grade the severity of liver disease (Figure 1 ). The diagnosis of fatty liver is usually made on ultrasound with exclusion of other causes of fatty liver and raised liver enzymes if present. Ultrasound is an accurate, reliable imaging technique for the detection of fatty liver, as compared with histology, with a sensitivity of 84.8% and a specificity of 93.6% for detecting $20-30% steatosis. 69 Computed tomography scan and MRI really do not add much and are as good as ultrasound for detecting fat in the liver. 69 Magnetic resonance spectroscopy is better in detecting fat but none of these modalities can detect the degree of inflammation and fibrosis, hence are not good in differentiating between only steatosis and histological NASH. Since ultrasound is easily available, not requiring much of expertise, inexpensive without any radiation risk, it should be the first modality to assess the presence and grading of hepatic steatosis and for the severity of liver disease. On abdominal ultrasound, the physician should look for the liver echogenicity and its comparison with that of kidney and spleen, Vascular blurring, and deep attenuation of ultrasound signal.
Fibroscan (transient elastography) is a new non-invasive modality in detecting liver fibrosis and its role is still being evolved in various liver diseases including NAFLD. Many patients with fatty liver as evident on conventional imaging may turn out to have significant fibrosis on Fibroscan 32, 70 and may be subjected to a liver biopsy (Figure 1 ).
All patients of NAFLD irrespective of the liver enzyme elevation should undergo a detailed physical examination and anthropometry including, height, weight, BMI, waist circumference, and waist-hip ratio for the assessment of overweight and central and overall obesity (Figure 1) . These patients should be further evaluated with liver function tests (LFTs) and for the presence of other components of MS namely hypertension, IGT, serum triglycerides, and HDL. In addition, all patients should also be screened for hepatitis B surface antigen (HBsAg) and antibodies to hepatitis C virus (anti-HCV). Further work-up including autoimmune markers, celiac disease work-up, serum iron profile, and serum ceruloplasmin should be done only in patients with raised liver enzymes depending on the age of the patient 71 (Figure 1 ). Even though NAFLD is very common in patients with DM, the presence of diabetes in patients of NAFLD presenting with raised transaminases is not very common when evaluated by FPG and post-prandial plasma glucose. If facilities are available, patients can be tested for IR by the simple method of measuring the HOMA-IR, otherwise can be subjected to only 2-h glucose tolerance test (2-h GTT).
Severity of NAFLD can be assessed either non-invasively by using various biomarkers used either singly or in combination, or with the help of imaging and liver biopsy. Since serum biomarkers are not available routinely, are costly, and lack standardization, the severity assessment is usually based on imaging and liver biopsy. As mentioned earlier, ultrasound, CT scan, and MRI including MRS though are good for hepatic steatosis, cannot pick up ballooning or Mallory hyaline and are poor in detecting hepatic fibrosis unless there is frank cirrhosis. Only noninvasive imaging modality which can help picking up hepatic fibrosis is tissue elastography done with various techniques [Fibroscan, acoustic radiation forced impulse (ARFI), and magnetic resonance elastography (MRE)]. Since all forms of elastography are poorly available and are expensive, the only useful modality in assessing the severity of liver disease in patients with NAFLD is liver biopsy. Since liver biopsy is an invasive procedure and is not free of complications, it should be directed at patients who are likely to be benefitted the most from this procedure. 71 The risk factors for severe histological disease include gender, age, AST/ALT ratio, the presence of diabetes mellitus, and other components of MS. 71 Cytokeratin 18 (CK 18), NAFLD fibrosis score and the presence of MS are helpful in predicting NASH and fibrosis in patients with NAFLD. 71 Since the treatment of patients with NAFLD is still evolving, there is need to study the efficacy of various drugs in a randomized controlled manner (Figure 1 ). All patients being evaluated in such clinical trials should also be subjected to paired liver biopsies before and after the drug has been given. Even though a definite diagnosis of NAFLD/NASH can be made only on histology, convincing these patients for a liver biopsy is difficult due to the slowly progressive nature of the disease and lack of specific treatment. At a tertiary care center, liver biopsy could be done in 43 out of 127 patients of NAFLD who presented with persistent raised ALT. But on comparison, clinical characteristics of 43 biopsy-proven patients were similar to 84 non-biopsy-proven patients. 17 A recent study from Delhi described typical histological features of NAFLD as the presence of macrovesicular steatosis, lobular neutrophilic inflammation with additional presence of Mallory bodies, ballooning degeneration, lipogranuloma, and pericellular fibrosis. 72 Such liver damage predominates in perivenular regions i.e., zone 3 of hepatic acinus. In a separate study, female gender, BMI, waist-hip ratio, hypercholesterolemia, and LDL levels were found as independent predictors of disease severity in patients with NASH and to influence the decision to biopsy. 73 A recent study from coastal India found that the insulin resistance and dyslipidemia rather than the glycemic status were the determinant factors that had positive correlation with higher histopathological grades of NAFLD. 74 Overall liver histology is mild at presentation in Indian patients presenting with raised transaminases with mild-to-moderate degree of inflammation and mild-to-moderate stage of fibrosis. Histological NASH is present only in half of them and cirrhosis at presentation is uncommon. 16, 17, 67 
Diagnosis of Non-Alcoholic Steatohepatitis Related Cirrhosis and Hepatocellular Carcinoma
As mentioned in the section of spectrum of NAFLD, NAFLD/NASH is an important cause of CC and HCC. Since liver histology is not very helpful in making the diagnosis of NASH-related cirrhosis or HCC (liver fat decreases with increasing fibrosis), the diagnosis of NAFLD/NASH as a cause of CC and HCC is usually based on the presence of metabolic risk factors. Once all other possible etiologies are excluded, the diagnosis of NAFLD/NASH-related cirrhosis and HCC can be made if there is the presence of two or more components of MS. Many patients tend to lose weight with the development of cirrhosis and HCC; hence, a history of overweight or obesity may be sufficient to include this risk factor as a component of MS. Similarly, it is advisable to calculate BMI or waist circumference when these patients are free of ascites or pedal edema or make appropriate reductions in body weight and waist when calculating the overweight/obesity and central obesity in these patients. Many patients with cirrhosis of liver tend to develop cirrhosis-related DM which needs to be differentiated from the long-standing type 2 DM when including this risk factor as a component of MS.
Cardiology and Endocrine Evaluation
Even though patients with NAFLD, especially those with severe liver disease (NASH), are prone to increased atherosclerosis and its consequences including the cardiovascular morbidity and mortality, routine cardiovascular evaluation in all patients with NAFLD cannot be recommended. The cardiovascular evaluation however can be suggested selectively in those detected to have NAFLD at an old age, having metabolic risk factors. Detailed cardiovascular evaluation is recommended in patients with NASH-related cirrhosis and NASH-related HCC before they are subjected to liver transplantation. Other than the screening for DM (preferably by doing the 2 h GTT), IR and dyslipidemia, screening for other endocrine disorders associated with NAFLD (hypothyroidism, hypothalamic and pituitary dysfunction) is not recommended routinely in patients with NAFLD. Women with NAFLD and MS can however be screened for polycystic ovarian syndrome (PCOS).
TREATMENT OF NON-CIRRHOTIC NON-ALCOHOLIC FATTY LIVER DISEASE
Therapeutic modalities in patients with NAFLD have been applied according to the risk factors of NAFLD. Different treatment modalities for NAFLD include lifestyle modifications such as weight loss and exercise, treatment of risk factors such as control of DM and control of hyperlipidemia, insulin-sensitizing agents such as biguanides, thiazolidinediones, antioxidants, and cytoprotective agents (Figure 2 , Tables 2 and 3 ).
Lifestyle Modifications/Weight Reduction
All patients with NAFLD irrespective of their body weight should be advised lifestyle modifications in the form of regular exercise and those with overweight and obesity are advised weight reduction (Figure 2 , Table 2 ). Regular exercise has been shown to improve the insulin sensitivity even without weight reduction. Further, regular exercise programme can be helpful for improving the cardiovascular profile as well. The exercise regimen should consist of brisk walking, jogging, or rhythmic aerobic exercises for a minimum of 45 min, 5 days per week, to achieve a target heart rate of 60-70% of the maximal heart rate. Initial weight reduction in patients with overweight and obesity should be 10% of the body weight to be reduced in 6-8 months. Various dietary regimens are available but severe hypo caloric diets are not recommended in NAFLD. Overall, patients with overweight and obesity need to create a negative balance by consuming fewer calories and burn more calories by regular exercises. In a study by Duseja et al, efficacy of lifestyle modifications and ursodeoxycholic acid (UDCA) in improving the liver enzymes was studied in 100 patients with NAFLD. 16 After 6 months of lifestyle modification and UDCA, 74 (74%) patients achieved a biochemical response (64 patients-complete biochemical response, 10 patients-partial biochemical response). In two separate studies published from Lucknow, lifestyle modification given for six months improved IR, serum ALT and liver histology in patients with NAFLD. 68, 104 Though there is lack of data from India, data from the West show that bariatric surgery is an effective modality for weight reduction and for improving liver histology in obese patients with NAFLD. As highlighted earlier, patients with NAFLD in India presenting to the hepatologists do not have very high BMI so as to qualify for bariatric surgery. More patients may be benefitted with this modality, if BMI cut-offs are reduced in Indian patients with NAFLD. Figure 2 Management algorithm in patients with non-alcoholic fatty liver disease.
Pharmacotherapy Therapy of Non-alcoholic Fatty Liver Disease
The pharmacological treatment of patients with NAFLD is still evolving. No single therapy for NAFLD has clearly been proven effective, especially, in favorably modifying the course of the disease. Of the various drugs used in patients with NAFLD ( Figure 2 , Table 3 ), pioglitazone and vitamin E have been found to be the most useful and are recommended for nondiabetic patients with histological NASH. Indian data are available for the use of UDCA, metformin, pioglitazone, vitamin E, and pentoxifylline in patients with NAFLD.
Ursodeoxycholic Acid
Ursodeoxycholic acid is the non-hepatotoxic epimer of chenodeoxycholic acid. Ursodeoxycholic acid replaces endogenous bile acids, which are potential hepatotoxins, has membrane stabilizing and cytoprotective effects on mitochondria as well as immunological effects. It is believed that by decreasing bile acids, UDCA protects against hepatocyte injury and decreases oxidative stress in patients with NAFLD. Ursodeoxycholic acid has been used in the treatment of some hepatobiliary diseases for nearly two decades. Thus, unlike other medications evaluated for patients with NAFLD, there are abundant data on the safety of long-term use of UDCA in patients with liver disease. Ina RCT conducted by Lindor et al, it was observed that 2 years of therapy with UDCA at a dose of 13-15 mg/ kg/day, although safe and well tolerated, is not better than placebo for patients with NASH. 92 Open-label pilot studies have evaluated the therapeutic benefits of UDCA in adults with NASH. In one of these studies, 24 patients received UDCA in a regimen of 13-15 mg/kg/day for 12 months. 93 This therapy led to a significant improvement in hepatic aminotransferases levels and the degree of hepatic steatosis compared to baseline. In a study from north India, lifestyle modifications and UDCA (300 mg twice a day) given for 6 months achieved a biochemical response in 74 out of 100 patients. 16 Highdose UDCA (23-28 mg/kg) or placebo failed to improve the overall histology in 185 patients with NASH in comparison with placebo except the lobular inflammation. 105 Ratziu et al also used slightly higher doses of UDCA (28-35 mg/kg) in a RCT of 126 patients for 1 year. 95 This treatment led to a decrease in ALT and improved fibrotest results. There was no repeat liver biopsy at the end of this study. In a pilot study by Singh et al, high dose UDCA (600 mg b.d.) for a mean duration of 6 months was found to improve both biochemical parameters and liver histology in diagnosed cases of NASH. 94 
Metformin
In a randomized controlled study, metformin, added to a lipid and calorie-restricted diet, significantly reduced IR and mean hepatic aminotransferase levels, but no definite improvement was reported on liver histology. 81 These data were not confirmed in an observational, open-label study of 1 year of metformin treatment. Hepatic aminotransferase levels improved during the initial 3 months, along with improved insulin sensitivity, but then returned to pretreatment levels and histology did not change. 82 By contrast, in a randomized study controlled against either vitamin E or a prescriptive diet, metformin significantly increased the rate of hepatic aminotransferase normalization after correction for age, gender, basal aminotransferases, and change in BMI (OR 5.98; 95% CI 2.05-17.45) and improved IR. 83 In a sub-sample of metformin-treated patients, a second liver biopsy showed an improvement in steatosis, as well as in fibrosis and necro-inflammation, but no repeated histology was available for the control arm. 83 In an Indian study by Duseja et al, 25 patients with NAFLD who were non-responders to lifestyle modifications were prescribed metformin for 6 months; all of them achieving a partial biochemical response, with a reduction in ALT levels with complete normalization of ALT in 14 (56%) of patients. 85 Some recent open-label randomized studies have shown no benefits of metformin on liver steatosis, assessed histologically or by CT, aminotransferase levels, or markers of insulin resistance, and inflammation in comparison to placebo or lifestyle intervention. 84 Hence, presently, the role of metformin in treatment of patients with NAFLD remains uncertain. 71 
Thiazolidinediones
In one of the earlier, 1-year of pioglitazone improved insulin sensitivity and hepatic aminotransferase levels, reduced liver size and hepatic fat content, and improved histology. 86 In another controlled study, all patients treated with either pioglitazone or vitamin E had normalized hepatic aminotransferase levels. However, the combination therapy had more impact on histology as well as metabolic disturbances (hyperinsulinemia, IR, high FFA levels), and metabolic changes predicted the improvement in hepatic steatosis. 88 While treating NAFLD with Pioglitazone, weight-gain, edema, and worsening of pre-existing congestive heart failure should be kept in mind as potential adverse effects. In the Placebo Vs Pioglitazone Vs Vitamin E study for the treatment of non-diabetic patients with nonalcoholic steatohepatitis (PIVENS) study, though there was an improvement in NASH (47% vs 21%, P = 0.05) on taking pioglitazone at 30 mg/day for 12 months, primary end points of necro-inflammation and fibrosis were not affected however, significant benefits of pioglitazone were observed for some of the secondary outcomes. 91 In a RCT Sharma et al from India compared efficacy of pentoxifylline and pioglitazone on metabolic factors and liver histology in patients with non-alcoholic steatohepatitis and found that pioglitazone group had better improvement in both metabolic factors and liver histology in patients with NASH compared to pentoxifylline. 89 Based on the available data, though pioglitazone is best recommended in non-diabetic patients with biopsyproven NASH, its long-term safety profile is yet to be determined. 71 
Antioxidants
Of all the anti-oxidant drugs, vitamin E (a-tocopherol) is the best studied and is recommended in non-diabetic patients with biopsy-proven NASH, however long-term safety profile of vitamin E is yet to be fully established.
A study reported the results of treatment with atocopherol in children with NAFLD. Vitamin E (400-1200 IU/day orally) was given for 4-10 months and led to a significant improvement in hepatic aminotransferases. 106 In another study, a-tocopherol (300 mg/day) was given for 1 year to patients with liver biopsy-proven NASH and those with a clinical diagnosis of NAFLD. 107 Hepatic aminotransferases improved significantly compared to baseline, whereas the degree of steatosis, inflammation, and fibrosis improved or remained unchanged in the patients with NASH in whom posttreatment liver biopsy was performed. Vitamin E therapy (800 IU daily) for 96 weeks, as compared with placebo, was associated with a significantly higher rate of improvement in histological features in NASH (43% vs 19%, P = 0.001). In a randomized study comparing Vitamin E with Metformin in children with NAFLD (The Treatment of Nonalcoholic Fatty Liver Disease in Children [TONIC] trial), it was observed that neither vitamin E nor metformin was superior to placebo in attaining the primary outcome of sustained reduction in ALT level in patients with pediatric NAFLD. 107 
Pentoxifylline
Pentoxifylline is a methylxanthine compound inhibiting the production of cytokines (mainly tumor necrosis factor-a) involved in the pathogenesis of NASH. In a pilot study, Adams et al tested its effectiveness in NASH patients in 2004. 98 Twenty patients of NASH were administered pentoxifylline for 12 months. It was observed that aminotransferase levels among patients with NASH improved but it also cautioned for more trials to overcome the side-effect profile. 98 In a study conducted in India by Satapathy et al, nine patients (mean age 31.6 AE 7.2 years) of histologically proven NASH were administered, pentoxifylline 400 mg t.d. for 12 months, and it was found that aminotransferases improved significantly, and steatosis/lobular inflammation reduction was observed in 5 patients, Brunt's down staging in 6 patients, and reduction in fibrosis stage in 4 patients. 100 
Statin Use in Patients with Non-alcoholic Fatty Liver Disease
Statins if required for the treatment of dyslipidemia can be used safely in patients with NAFLD even in the presence of raised transaminases. 71 Patients with dyslipidemia and type 2 diabetes benefit with statin therapy of a cardioprotective effect greater than those without diabetes. The statin therapy did not increase the number of negative hepatic events and it has been observed that the liver enzyme levels were normalized under statin treatment for patients with NAFLD. 103 But more prospective randomized studies are still needed to support it, and also taking into account the differences between the members of statin class because different statins might have different effects in NAFLD.
Alcohol Use in Patients with Non-alcoholic Fatty Liver Disease
Heavy alcohol consumption has many harmful effects including those on liver and should be discouraged regardless of whether an individual has NAFLD or not. However, emerging epidemiological data suggest that light-tomoderate wine drinking may have favorable effects from a liver standpoint. 109 But most studies are cross-sectional in nature and have utilized surrogates such as aminotransferases and liver imaging. Furthermore, it is not clear if cardiovascular and metabolic benefits of light-to-moderate alcohol consumption observed in general population are extended to those with NAFLD and NASH. There are emerging studies to suggest that even light alcohol consumption may increase the risk of cancers (e.g., breast and colon). Until further data from rigorously conducted prospective studies become available, we believe that individuals with NAFLD should avoid alcohol consumption of any type or amount. 71 
Treatment of NASH Related Cirrhosis and Hepatocellular Carcinoma
Treatment of patients with NASH-related cirrhosis and HCC is no different from other causes and hence will not be discussed further in this paper.
Role of Cardiologists and Endocrinologists
Non-alcoholic fatty liver disease is a lifestyle disease with underlying genetic predisposition, and is associated with significant morbidity and mortality, related not only to liver damage and higher risk of hepatocellular cancer, but also to long-term occurrence of DM and cardiovascular disease. 40, 50 Management of patients with NAFLD can be improved with a multidisciplinary team approach. Endocrinologists could be involved to implement lifestyle changes, achieve weight loss in overweight and obese individuals, improve insulin sensitivity, optimize treatment, improve the management of hyperglycemia and DM, and cardiologists could be involved to improve the management of hypertension and dyslipidemia. As mentioned earlier, use of statins is safe in patients with NAFLD, even in those with elevated transaminases. Further, as suggested earlier, cardiovascular evaluation should be done in selected patients and if found to have CAD should be treated accordingly. Cardiologists have an important role to play in this regard and also for treatment of cardiovascular risk factors. Lifestyle modifications suggested by cardiologists to improve the cardiovascular profile will help in improving the hepatic manifestations of NAFLD as well.
CONCLUSIONS
Non-alcoholic fatty liver disease is a significant health issue in India. It is now becoming clear that NAFLD is closely associated with marked metabolic derangements, mainly in the form of insulin resistance and the metabolic syndrome, which are important determinants of T2DM and CVD. A multi-disciplinary approach involving not only the hepatologists but also the internists, endocrinologists, and the cardiologists may be beneficial in managing patients with NAFLD. Diagnostic work-up in patients with NAFLD should include the assessment of severity of liver disease at the onset in addition to exclusion of other causes of fatty liver and raised transaminases. A highly individualized approach for the lifestyle modifications based on a thorough assessment of individual metabolic and nutritional status is recommended as the first line of treatment. Pharmacological treatment in NAFLD is still evolving and requires randomized controlled trials with histological end points in a large number of patients. Of the various drugs, pioglitazone and vitamin E are recommended for the non-diabetic patients who has biopsy-proven NASH. 
